Four rats, trained in an automated runway in which the completion of every run produced food, were exposed to a fixed-ratio schedule under which the completion of each second run produced food. Under this FR 2 schedule, running times for the nonreinforced first runs were markedly slower than running times obtained for the food-producing second runs. When the completion of each first run produced a set of stimuli paired with food (conditioned reinforcers), running times for the first runs markedly and consistently decreased. When the added conditioned reinforcers were removed, running times for the first runs markedly and consistently increased.
Psychon. ScL, 1971, Vol. 23 (3) Chained schedules and other procedures which can similarly be used to examine conditioned reinforcement under chronic, maintained conditions (Le., Zimmerman, 1963; Zimmerman & Hanford, 1966) are usually implemented in the Skinner box. This apparatus has been chosen by many investigators, in part because its use prec1udes the necessity of handling Ss or of employing other manual operations during an experimental session. In contrast, most runway (and maze) studies involve the use of within-session manual operations. As we pointed out previously (Hanford & Zimmerman, 1967 , 1969 , however, the use of manual operations entails at least two major disadvantages. It can readily lead to the introduction of confounding variables, and it often demands that the E spend an inordinate amount of time engaged in ro u tine, re petitive, "deadly-dull" chores in order to collect his data.
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In our 1967 report, we described an automated runway whose use could preclude the disadvantages mentioned above. In that report, we showed that running speeds genera ted in this apparatus under a continuous reinforcement (CRF) schedule were extremely reliable both within and across successive sessions. In our 1969 report, we provided even more substantive evidence for the utility of this apparatus. We showed that running behavior, differentially generated in nonreinforced and reinforced trials under an FR 2 schedule, systematically replicated results previously reported by others (e.g., Capaldi, 1958; Tyler, Wortz, & Bitterman, 1953 ) using more conventional runways. This systematic replication was especially significant, since the results we replicated had been opened to quest ion by others (e.g., Surridge & Amsel, 1965 ) on the basis of the possible confounding contributions of manual operations.
The present investigation employed performances generated with the automated runway under an FR 2 schedule as a baseline against which to examine the behavioral effects of superimposing added conditioned reinforcers at the end of each nonreinforced run. Thus, this study was designed to extend the general approach suggested by Kelleher & Gollub (1962) to the study of CR effects in the runway under conditions which precIuded the necessity of employing manual operations within experimental sessions. SUBJECTS Four male albino rats, approximately 8 months old at the onset of this study, served as Ss. Each S had previously performed for 3 months in the automated runway on a CRF schedule. Throughout the present study, each S was maintained at 80% of its free-feeding weight. APPARATUS The automated runway described in our 1967 report and employed in our 1969 study was similarly employed in this investigation. It consists of three legs which, together with one wall of a Skinner box, form a 61 x 61 cm square. Entrance into the runway from the box and back into the box from the runway is controlled by two doors located toward the rear and the front of the box, respectively. Each door opens only in one direction, permitting an S to move only clockwise through the apparatus. A Iiquid-dispensing magazine, a bar, a jeweled bar light, and two houselights are mounted on the front panel of the box. Two houselights are also mounted on the rear panel. Finally, two houselights are also mounted on rods 21 cm above the runway, and photocells are located in the runway 15 cm from each of the doors. Automatie programming and recording equipment is housed in a control room adjacent to the apparatus room. PROCEDURE Each S performed daily throughout the study. Each session was terminated following the 60th feeding (4-sec presentation of 0.20 cc of an equal mixture of chocolate milk and condensed milk) or after 100 min elapsed following session onset, whichever occurred first. In order to reinstate running performances quickly after a 3-month layoff, we first exposed each S to a CRF schedule. Each was subsequently exposed to an FR 2 schedule in which each second run prOduced food. Finally, performance generated with the FR 2 schedule was examined as a function of the superimposition and removal of added CR at the termination of each nonreinforced run. Table 1 presents the order and nature of the conditions, together with the number of sessions of exposure of each 8 to each condition. A given condition obtained for at least five successive sessions, with an 8 being exposed to a subsequent condition only after no consistent trend in its running speeds was observed for five successive sessions. The CRF schedule and the FR 2 schedule were similar to the two schedules respectively employed in the previous (1969) study. That is, under the CRF schedule, each run terminated with a food cycle. Each run began with the illumination of the two rear panel houselights and the two runway lights. This set the occasion for an 8 to enter the runway through the rear door. When 8 tripped the photocell, located 15 cm from the door which led back into the box, the rear panel houselights and runway houselights were extinguished and the front panel houselights were illuminated. A barpress immediately and concurrently produced (1) the extinction of the two front panel houselights, (2) the illumination of the bar light, and (3) the activation of the solenoid-driven liquid dispenser. These events initiated the 4-sec food cycle, at the completion of which the dipper was retracted, the bar light was extinguished, and the two rear panel houselights and runway houselights were illuminated, setting the occasion for the next run. Under the baseline FR 2 schedule, food was produced only at the end of each second run. Nonreinforced (N) runs and reinforced (R) runs alternated in the fixed order of NRNR. Each R run was programmed as described above for the CRF schedule. N runs were similarly programmed, except that the terminating barpress neither illuminated the bar light nor activated the magazine solenoid. Instead, this response immediately illuminated the rear panel houselights and runway houselights, setting the occasion for the R run wh ich followed.
After an 8's performance stabilized on the FR 2 (baseline) schedule, each 8 was exposed to a condition wh ich involved the superimposition of added CR at the end of each N run. More specifically, the barpress which terminated each N run extinguished the front panel lights, as earlier, hut also produced a %·sec CR cycle. During this cycle, the bar light was ilIuminated and the magazine solenoid was activated. Only at the termination of the %-sec CR cycle were the rear panel lights and the runway lights illuminated. Each S was subsequently reexposed to the FR 2 condition (added CR removed) and then finally reexposed to the added CR condition.
210 Table 1 Order In the case of Rat 10, a final exposure to the FR 2 baseline condition was additionally programmed.
Throughout the investigation, two measures of performance, start time and running time, were recorded for each run in each session. Start time was defined as the time from the onset of a run (illumination of the rear panel lights) to the interruption of tfie photocell located 15 cm past the runway entry door. Running time was defined as the time from the latter event to the terminating barpress. These times were recorded with a two-channel printout counter driven by a pulsing electronic timer. The median values of each of the two measures were computed for each session under the CRF schedule, while under the FR 2 schedule the session medians of each measure were computed separately for reinforced and nonreinforced runs. RESULTS Figure 1 summarizes the results obtained for each S over the study in terms of the running times obtained under each of the conditions. Running times were measured by the number of pulses generated with the electronic timer, which PJ.lt out 400 pulses/min. Each plotted point represents a median running time based on the final three sessions under the indicated condition. The arrows denote running times obtained when the added CR was produced by the completion of the N runs under the FR 2 schedule. Figure 1 shows that, in the case of three of the Ss (all but Rat 11), results obtained under the first two conditions of the present experiment systema tically replica ted those obtained previously in our 1969 study. That is, running times generated under the R runs of the FR 2 schedule did not markedly differ from those generated under the CRF schedule, while running times obtained under the N runs were consistently longer. These results were not obtained with Rat 11. Frequent visual observations of this S's behavior indicated that, early in its exposure to the CRF schedule, it developed a "superstitious" response pattern. More specifically, after entering the runway and tripping the first photocell, this 8 frequently wheeled around before the entry door closed and spent considerable time batting the door back and forth with its paws. This "deviant" behavior in Rat 11 was observed throughout the study, but, under the FR 2 schedule, it was differentially associated with R runs, thereby accounting for the fact that its R running times were consistently longer than its N running times.
The remaining data presented in Fig. 1 clearly demonstrate that, for all Ss, running times for the N runs consistently and markedly decreased whenever the %·sec CR cycle was added at. the termination of those runs and consistently and markedly increased whenever the added CR cycles were removed. In contrast, R running times were neither consistently nor markedly influenced by these manipulations. As a consequence, under the CR-added conditions, N running times were either equal to or almost as short as R running times in the case of Rats 8, 9, and 10, while the al ready "deviant" results for Rat 11 were even further exaggerated.
Qualitatively similar results were obtained with respect to the start time measures (not shown). In the case of all Ss, start times for the N runs were markedly, consistently, and differentially decreased by the superimposition of the added-CR cycles and increased by their removal.
The differential effects of the added-CR cycles on N-run performance cannot be accounted for on the basis of accidental food reinforcement at the termination of those runs. The dipper did not come up all the way within the lIz-sec cycle, and frequent visual observations of all Ss showed that none were obtaining food during or immediately after those cycles. Thus, the present da ta show that added CR can markedly and differentially strengthen runway performance. DISCUSSION The decrease in running times observed for the N trials whenever the conditioned reinforcement cycles were presented appeared to be qualitatively similar to results obtained by others using extended chained schedules and the Skinner box as the apparatus. For example, Findley & Brady (1965) found that the superimposition of a CR cycle at the end of each 400 responses under an FR 4,000 decreased the time required to complete the FR 4,000 contingency, as compared to the same time required to complete a simple FR 4,000 contingency. Similar results were Psychon. Sei., 1971, Vol. 23 (3) obtained with other schedules by Kelleher (1966) . In both of those studies and in the present study, the strength of the conditioned reinforcer was maintained throughout the study by its continued pairing with the primary reinforcer.
As was noted in the introduction, most studies of CR have utilized an extinction procedure to assess the strength of the conditioned reinforcer. The results of these studies suggest that conditioned reinforcers lose their capacity to maintain behavior after one or two daily sessions in the absence of primary reinforcement. Such results have led Wike (1966) to question wh ether stimuli can function as "durable" conditioned reinforcers in the absence of primary reinforcement or whether some continued pairing of the conditioned reinforcer and primary reinforcer is necessary to maintain the strength of the conditioned reinforcer. The results of the present study adds to the growing body of evidence which suggests that, when a conditioned reinforcer is employed without removing primary reinforcement from the experimental situation, its strength can be maintained over an indefinite period. These results, therefore, su p port the assertion that the continued pamng of stimuli with primary reinforcer is a sufficient condition, if not a necessary one, for the maintenance of the CR strength of the stimuli.
